The effect of refined petroleum products on the activities of selected enzymes (catalase and dehydrogenase) was studied. There was a significant decrease (p < 0.01) in catalase activity. Catalase activity was higher in diesel and engine-oil treated soil after twelve days relative to petrol and kerosene. These observations indicate that the enzyme activity is the order of petrol > kerosene > diesel > engine oil. However, a significant increase (p < 0.01) was observed in dehydrogenase activity after twelve days relative to control values. Although, the refined petroleum products caused a similar pattern in the alteration of soil dehydrogenase activity, as they affected catalase activities, the general results indicate that the toxic effect is in the order of kerosene > diesel > petrol > engine oil. On the whole the results reveal that refined petroleum products alter soil biochemistry.
Introduction
Petroleum compounds have multifarious industrial and domestic uses. They are extensively employed in the making of solvents, dry cleaning fluids quick-products, automobile fuel, household solvents, and lubricants, cosmetics, water proofing agents, cleaning agents, and specialty chemicals [1] . These activities have led to the widespread contamination of the environment. Oil spill is the major cause for the high influx of petroleum to the biosphere [2] [3] . However, other points of soil pollution with refinery products are petrol stations, car and tractor servicing parks and, seaport areas [4] . Other areas of concern are mining and distribution of petroleum-based products [5] [6] . Besides, heavier use of machinery in agriculture together with unsatisfactory care while disposing of old or used petroleum products leads to considerable pollution of the natural environment [7] .
The soil is a key component of natural ecosystem because environmental sustainability depends largely on sustainable soil ecosystem [8] . When soil is polluted, the physiochemical properties are affected which may decrease its productive potentials [9] - [12] . In Nigeria, most of the terrestrial ecosystem and shoreline in oil-producing areas are important agricultural land under cultivation [13] . Any contact with petroleum and/or refined petroleum products causes damage to soil conditions of these agricultural lands, which culminates in loss of soil fertility [11] [12] [14] - [16] . Soil enzymes are important biotic components which are responsible for soil biochemical reactions [17] . The effects of petroleum hydrocarbon on soil enzyme activities are well documented [18] - [21] .
Catalase activity, alongside with the dehydrogenase activities, gives information on the microbial activities in soil. Both catalase and dehydrogenase activity are very sensitive to heavy metal pollution [22] - [24] . Their values can therefore be used as a simple toxicity testing tool [25] . The aim of this study was to determine the effect of petroleum products (kerosene, diesel, engine oil and petrol in soil on soil catalase and dehydogenase activities.
Materials and Methods
Refined petroleum products of known physical properties were obtained from Warri Refining and Petrochemical Company, Warri, Nigeria. The soil (sand 84%, silt 5.0%, clay 0.4% and organic matter 0.6%, pH 6.1) was obtained from a fallow land in Delta State University, Abraka. Some of the chemical properties of the soil are listed in Table 1 .
Soil (1600 g) was taken in each of small size planting bags (1178.3 cm 3 , 15 cm deep) and divided into six groups of five replicates. Groups 1 to 5 contained 0.1%, 0.25%, 0.5%, 1.0% and 2.0% (v/w) respectively of each of the petroleum products while group six served as control (0.0%). To the first bag, 1.0 ml of kerosene, corresponding to 0.1%, was added. The petroleum products treated soil samples were mixed vigorously with the hand to obtain homogeneity of the mixture. The procedure was repeated for 0.25%, 0.5%, 1.0%, 1.5% and 2.0%. Each treatment, including control, was replicated five times.
Preparation of Extract and Assay of Catalase Activity
One hundred ml of phosphate buffer, pH 7.4, was added to 10 g of soil and stirred vigorously. The soil suspension was filtered using cheesecloth. The filtrate was centrifuged at maximum speed of 7000 g for 10 min to obtain supernatant (S1). Catalase activity was determined as described by Rani et al. [26] . Catalase breaks down hydrogen peroxide to give oxygen that oxidises potassium dichromate. The oxidation of chromate gives a chromophore that absorbs maximally at 610 nm. The enzyme extract (0.5 ml) was added to the reaction mixture containing 1 ml of 0.05 M phosphate buffer (pH 7.5), 0.5 ml of 0.2 MH 2 O 2 , 0.4 ml H 2 O and incubated for different time period t 1 , t 2 and t 3 for 1 minute, 2 minutes and 3 minutes respectively. The reaction was terminated after each time interval by the addition of 2 ml of acid reagent (dichromate/acetic acid mixture) which was prepared by mixing 5% potassium dichromate with glacial acetic acid (1:3 by volume). To the control, the enzyme was added after the addition of acid reagent. All the tubes were heated for 10minutes in boiling water and the absorbance was read at 610 nm. Catalase activity was expressed in terms of moles of H 2 O 2 consumed/min. 
Assay of Soil Dehydrogenase Activity
Dehydrogenase activity was determined using the method described by Tabatabai [27] . Dehydrogenases convert 2, 3, 5-triphenyl tetrazolium chloride to formazan. The asbsorbance of formazan was read spectrophotometrically at 485 nm. Sieved soil (1 gm) was placed in test tubes (15 × 100 mm), mixed with 1 ml of 3% aqueous (w/v) 2, 3, 5-triphenyl tetrazolium chloride and stirred with a glass rod. After 96 h of incubation (27˚C) 10 ml of ethanol was added to each test tube and the suspension was vortexed for 30 s. The tubes were then incubated for 1 h to allow suspended soil to settle. The resulting supernatant (5 ml) was carefully transferred to clean test tubes using Pasteur pipettes. Absorbance was read spectrophotometrically at 485 nm. Extinction coefficient of 15433 Mol/cm [28] was used for evaluating the concentration of formazan formed.
Statistical Analysis
The results were expressed as mean + SEM. All results were compared with respect to the control. Comparisons between the test and control were made by using analysis of variance (ANOVA). Differences at p < 0.01 were considered as significant.
Results
The results of the effect of refined petroleum products on soil catalase activites after four , eight and twelve days soil treatment are presented in Figure 1 The activities of catalase in soil samples were decreased significantly (p < 0.01) after four days of the treatment of soil samples with kerosene, diesel, engine oil and petrol. At the highest concentrations petrol decreased catalase activity significantly (p < 0.01) more than did engine oil, and engine oil decreased catalase significantly (p < 0.01) activity more than did either kerosene or diesel. After eight days of treatment of soil with peroleum produts, kerosene treatment of soil resulted in significant (p < 0.01) decrease of catalase activity at 2% concentration compared with control. Diesel treatment of soil gave rise to a significant (p < 0.01) decrease of catalase activity at 1% and 2% concentrations. However, engine oil treatment of soil resulted in significant (p < 0.01) decrease in catalase activity in all the concentrations tested (0.25% -2%). Finally, petrol treatment of soil brought about a significant increase of soil catalase activity at 0.25%, 0.5%, 1.5% and 2% compared with control. Comparing the activities of soil catalase in kerosene, diesel, engine oil and petrol treated soil; it was found to be significantly lower in all the tested concentrations in engine oil treatment of soil except at 0.25% concentration than the other petroleum products. But petrol treatment resulted in significantly higher catalase activity at 0.25% and 0.5% concentrations, than in other petroleum products treated soils The activities of catalase after twelve days following the treatment of soil with kerosene significantly (p < 0.01) decreased catalase activity at a concentration of 0.25% but not at higher concentrations. Diesel treatment of soil resulted in decrease in catalase activity that was significant (p < 0.01) only at 0.25% level of contamination. Engine oil treatment of soil resulted in significant (p < 0.01) increase of catalase activity from 0.5% up to 1.5%, thereafter, an additional increase in concentration brought about a significant (p < 0.01) decrease of catalase activity relative to the control. Petrol treatment of soil resulted in a significant (p < 0.01) decrease of catalase activity only at 0.25%, 1% and 1.5% concentrations compared with control. When the activities of soil catalase in petrol, kerosene, and diesel and engine oil treatment of soil are compared; it was found to be significantly higher in engine oil treatment of soil at 1% and 1.5% concentrations than the other petroleum products. However, catalase activity was significantly lower in petrol treatment of soil at 1% concentration than the other petroleum products.
The activities of soil dehydrogenase after four days following the treatment of soil samples with kerosene, diesel, engine oil and petrol are presented in Figure 2 . Kerosene treatment of soil resulted in significant increase of soil dehydrogenase activity from 0.5% up to 2%. Similarly, diesel treatment of soil led to a significant increase of soil dehydrogenase activity at 0.5% up to 2%. Engine oil and petrol treated soils had an all round significant (p < 0.01) increase of soil dehydrogenase activity in all the concentrations tested compared with control. When the activities of soil dehydrogenase in engine oil treatment of soil were compared with other petroleum products treated soil samples, they were found to be significantly (p < 0.01) higher at 0.25%, 0.5%, 1.5% and 2% concentrations over other petroleum products. Petrol treatment of soil recorded a significantly higher activity of soil dehydrogenase only at 1% than other petroleum products. The activities of soil dehydrogenase after eight days following treatment of soil samples with kerosene, diesel, engine oil and petrol are shown in Figure 2 . In all the concentrations tested, all petroleum products, treated soil samples resulted in significant increase (p < 0.01) of soil dehydrogenase activity compared to control. When the activities of soil dehydrogenase in soils treated with kerosene, diesel, engine oil and petrol are compared, it was found to be significantly higher in engine oil at all levels of concentrations than the other petroleum products. The activities of soil dehydrogenase after twelve days of following treatment of soil with kerosene, diesel, engine oil and petrol are shown in Figure  6 . After twelve days, kerosene treated soil resulted in significant increase (p < 0.01) of dehydrogenase activity at 1%, 1.5% and 2% levels of soil contamination. Diesel treatment of soil in all the concentrations tested, gave rise to significant increase (p < 0.01) of dehydrogenase activity from 1% to 2%, while, engine oil and petrol treatment of soil samples resulted in significant (p < 0.01) increase of dehydrogenase activity at 0.5% to 2% concentrations compared to the control. when the dehydrogenase activities of soils treated with kerosene, diesel, engine oil and petrol were compared, the activities were found to be to almost the same at each level of soil contamination except that of kerosene, at 2%, which was significantly lower than the other petroleum products. On the whole, the activities of soil dehydrogenase, in all the concentrations were significantly (p < 0.01) higher compared to control.
Discussion
The refined petroleum products altered soil catalase activity. The activity of the enzyme decreased after four days of treatment of soil with petroleum products (Figure 1) , increased by the eight day (Figure 2 ) at lower Figure 2 . Dependence of catalase activity on concentration of four petroleum products in soil after eight days.
concentrations of kerosene, diesel and petrol in soil and then started to decrease after twelve days (Figure 3) of treatment of soil. Petroleum products, when present in soil, creates an unsatisfactory condition for soil organisms, mainly due to poor aeration, immobilization of soil nutrients and lowering of soil pH which culminates in petroleum mediated reduction in the number of hydrocarbon degrading microorganisms [11] [15] [17] [19] [29] . This may be the basis for decrease in catalase activity after four days of treatment. Decrease in catalase activity when soil is exposed to petroleum was previously reported [19] . However, the increase in the activity of the enzyme after eight days (Figure 2) could be predicated on increased microbial activity towards biodegradation of available petroleum hydrocarbon. This might explain why the activity of the enzyme started to decrease after twelve days of incubation with petrol and kerosene (Figure 3) . Earlier reports indicated that there is a decrease in catalase activity after biodegradation has decreased [30] - [32] . However, the enzyme activity was higher in diesel and engine oil treated soil samples after twelve days relative to petrol and kerosene. These observations indicate that biodegradation was in the order of petrol > kerosene > diesel > engine oil.
Earlier reports indicated that soil polluted with petroleum hydrocarbon experienced increased dehydrogenase activity [18] [19] . The result of the current investigation agrees with this fact. The activity of the enzyme increased after four (Figure 4 ) and eight days of post treatment (Figure 5 ) with the four refined petroleum products (petrol, kerosene, and diesel and engine oil). However, the enzyme activity decreased after twelve days (Figure 6 ) in all the soil treated with the four refined petroleum products. The increase in enzyme activity has been attributed to the involvement of certain microorganisms in the metabolism of hydrocarbons whereas; the Concentration of petroleum products in soil (% v/w ml/g) Figure 5 . Dependence of dehydrogenase activity on concentration of four petroleum products in soil after eight days. Figure 6 . Dependence of dehydrogenase activity on concentration of four petroleum products in soil after twelve days. decrease in the enzyme activity after twelve days of incubation could be due to decease in petroleum content of the soil. Decrease in soil dehydrogenase activity after biodegradation of petroleum has been reported [33] [34] . Although, the refined petroleum products caused a similar pattern, as they affect catalase activity, in the alteration of soil dehydrogenase activity, the general results seem to reveal that the toxicity effect is in the order of kerosene > diesel > petrol > engine oil. The toxicity of kerosene and diesel was reported earlier [20] [35].
Conclusion
In conclusion, it is pertinent to say that kerosene is more toxic to soil microorganisms, by decreasing the soil enzyme activities, in short term. However, engine oil stayed longer in the soil compared to the other three refined petroleum products, as reflected by sustained dehydrogenase after four days of post treatment.
